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ABSTRACT 
For the endangered green turtle, Chelonia mydas, a fundamental component of 
recovery and conservation is an understanding of its foraging ecology.   Foraging 
optimality models suggest animals will select resources of high quality over those of low 
quality. For green turtles, this behavior is important, as sufficient quantities of 
nutritionally adequate forage items are necessary for growth and reproduction.   One 
intrinsic element in the understanding of green turtle foraging ecology is to identify and 
document the availability and quality of forage resources preferred by green turtles. 
The objectives of this study were: 1) determine whether juvenile green turtles 
showed a feeding preference by comparing prey items in the diet to the availability of 
those items in the habitat, 2) identify species for which there was selection or avoidance, 
3) identify nutritional factors determining selection or avoidance of prey items, and 4) 
evaluate the nutritional content of the diet. This research was conducted by comparing 
lavage samples from juvenile green turtles to samples from benthic surveys within the 
habitat. To determine feeding preference, Ivlev’s Electivity Index was used to compare 
ingested species of algae with those available in the habitat.  Nutritional analysis of 
forage was conducted to identify possible nutrients relating to feeding preference.   
Juvenile green turtles selectively foraged on Chlorophyta and Rhodophyta. 
Results indicate that diet selection was based on nutritional content. Both the composite 
diet and the main diet item, Hypnea spp, had a higher gross energy value, were higher in 
protein, and lower in fiber than prey items that were avoided.  Conservation of green 
turtles requires effective habitat management, which must be informed by an 
understanding and evaluation of the habitat.  For juvenile green turtles, this study 
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indicates that habitats dominated by Chlorophyta and Rhodophyta may be more 
important for the health of green turtle populations than habitats dominated by 
Phaeophyta.  
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INTRODUCTION 
The green turtle, Chelonia mydas, is an endangered species for which a 
fundamental component of recovery and conservation is an understanding of its foraging 
ecology.   The first step in understanding green turtle foraging ecology is to identify and 
document the availability of resources selected by the animals.  Identifying resource use 
on regional levels is necessary, as the availability of various forage items are generally 
heterogeneous in space and time.  For green turtles, resource use changes as availability 
changes (Bjorndal 1980, Ross 1985, Balazs et al. 1987).   
Foraging optimality models indicate that animals will select resources of high 
quality over those of low quality (Krebs & Davies 1993).   There are two requirements 
for an animal to selectively choose a food resource (Leon & Bjorndal 2002, Manly et al. 
2002).  First, a variety of potential food items must be available in sufficient abundance 
to allow the animal to choose.  Second, the animal must be able to identify and choose 
one particular prey item from the available resources.  Green turtles have demonstrated 
an ability to select the most nutritious diet items (Bjorndal 1980).  In the southern end of 
the Bahaman Islands, green turtles maintain cropped areas of seagrass (Bjorndal 1980).  
The young cropped blades eaten by the turtles are higher in protein and lower in fiber 
than the old portions of seagrass blades, which are avoided.  In Moreton Bay, Australia, 
the foraging grounds are comprised of various seagrass and algal species (Brand-Gardner 
et al. 1999).  The diet of these green turtles is dominated by Gracilaria sp., which has the 
highest protein and lowest fiber content of the available plant species (Brand-Gardner et 
al. 1999).   
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To sustain a species, sufficient quantities of prey items are necessary (Manly et al. 
1972, Seminoff et al. 2002).    For green turtles, nutritionally adequate forage is required, 
as the nutritional content of the diet is positively correlated with growth and reproductive 
output (Hadjichristophorou & Grove 1983). The health of the population follows this 
trend as greater nutrition is obtained (Bjorndal 1982).    In foraging grounds where green 
turtles are algal feeders, algae within the division Rhodophyta are most commonly found 
in the diet (Mortimer 1981, Mendonca 1983, Garnett et al. 1985, Balazs et al. 1987, 
Wershoven & Wershoven 1992, Redfoot 1997, Brand-Gardner et al. 1999).  This 
preference for Rhodophyta is also found in fish, mollusks, and marine iguanas 
(Indergaard & Minsaas 1991, Wikelski et al. 1993, Foster & Hodgson 1998).   
The nutrient content of Rhodophyta may be a strong factor affecting the foraging 
preferences of green turtles and other species (Montgomery & Gerking 1980, Foster & 
Hodgson 1998, Brand-Gardner et al. 1999).  There are differences among the nutritional 
contents of algal species within the divisions of Rhodophyta, Chlorophyta, and 
Phaeophyta, but in general, Rhodophyta is higher in protein than Chlorophyta and 
Phaeophyta (Indergaard & Minsaas 1991, Wikelski et al. 1993, Foster & Hodgson 1998, 
Fleurence 1999, McDermid & Stuercke 2003).  In studies measuring protein digestibility, 
most species of Rhodophyta had a higher protein digestibility than species in the 
divisions Chlorophyta and Phaeophyta (Foster & Hodgson 1998, Wong & Cheung 2001).   
 This study investigated the diet selection of juvenile green turtles found on the 
Sabellariid worm rock reef on the east coast of central Florida.  The objectives were to:  
1) determine whether the juvenile green turtles showed a feeding preference by 
comparing forage items in the diet to the availability of those items in the habitat, 2) 
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identify species for which there was selection or avoidance, 3) identify nutritional factors 
determining selection or avoidance of forage items, and 4) evaluate the nutritional 
content of the diet. 
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METHODOLOGY 
Study Site 
In Indian River County, Florida, juvenile green turtles are abundant around the 
Sabellariid worm rock reef off Ambersand Beach (27º50’01” N, 80º25’53” W) (Figure 1) 
(Holloway-Adkins et al. 2002, Inwater Research Group Inc. 2003).  The worm rock reef 
is composed of colonies of the sabellariid worm, Phragmatapoma lapidosa.  This 
polycheate worm builds protective tubes in layers over limestone and coquina formations 
(Kirtley & Tanner 1968).  In Florida, these reefs are found near-shore from Cape 
Canaveral to Biscayne Key, Florida (Kirtley & Tanner 1968). The colonies grow into 
massive mounding reefs, providing substrate and shelter for many invertebrate, 
vertebrate, and algal species (Zale & Merrifield 1989, Nelson & Demetriades 1992).  
Reef striations run north to south with valleys of sand between. The reef extends from the 
shore eastward more than 500 m; depth varies from 0 – 20 m (Coastal Science Associates 
2000).  Juvenile green turtles forage on the macroalgae growing on the worms’ tubes and 
use the reef structure for shelter while resting (Holloway-Adkins 2001).   
Environmental variables such as water temperature and salinity can affect the 
growth of macroalgae (Agan & Lehman 2000).  Water temperature can also affect the 
standard basal metabolic rate of the juvenile green turtles (Donoghue & Langenberg 
1996).  Environmental variables were measured each day that turtles were captured 
throughout the summer months (June – July).  The environmental variables measured 
were the temperature and salinity of water at the bottom of the water column.   
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Algal Composition Of Habitat 
Six transects, 200 m apart, were conducted along the Ambersand Reef (Figure 1). 
Transects started 100 – 150 m from the high tide line in waters between 3 and 4.5 m.  
Each transect was perpendicular to the shore, was 50 m long traversing the width of the 
reef striations, and was conducted towards shore.  Five stations were sampled on each 
transect.  Stations were 10 m apart (Mellors 1991).  At each station, a 0.25 m2 quadrat 
was placed five times, parallel to the shore.  All algae were collected from each quadrat 
and placed in separate bags.   In the laboratory, algae from each quadrat were identified 
to the lowest taxonomic level possible.  The wet and dry weights of each taxa within each 
quadrat were recorded.  The population percent volume (PPV) and frequency of 
occurrence (FO) of each algal division and for each taxa identified in the habitat were 
calculated based on dry weight (Holloway-Adkins 2001).  In this instance, PPV was the 
total dry weight of a given genus or species divided by the total dry weight of all algae 
sampled from the habitat.  The FO was the number of quadrats in which a given taxa was 
observed divided by the total number of quadrats sampled.  For analytical purposes the 
samples were nested within each station, which were nested within each transect.   
Diet Sampling And Composition 
Forty juvenile green turtles were captured using tangle nets (Ehrhart et al. 2003).  
The nets were set between 100 and 450 m from shore in water between 3 and 3.5 m in 
depth.  Upon capture, turtles were tagged and body morphometrics recorded.    Ingesta 
samples from the anterior region of the esophagus were obtained by esophageal lavage 
(Forbes & Limpus 1993).  All turtles captured from the study area were in good condition 
when released at the site of capture.   
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Algal samples were preserved in 5% formalin.  Each sample was spread in a thin 
yet closely packed layer on a petri dish with 16 contiguous, 1.5 cm2 drawn fields.  The 
alga within each field was quantified using a dissecting microscope (10X) fitted with a 
Weibel graticule; an ocular that is etched into 100 numbered, 1 mm2 units (Redfoot 1997, 
Holloway-Adkins 2001).  Each algal piece, which intercepted the top left of every even 
number on the graticule, was identified to the lowest taxa and counted (Dawes 1974, 
Schneider 1991, Littler & Littler 2000).   Population percent volume for each taxa was 
determined from all samples.  The frequency of occurrence was the number of lavage 
samples in which a given genus or species was observed divided by the total number of 
lavage samples.  
 A regression of body mass on straight-line carapace length provided a measure of 
body condition.  This regression was conducted to determine that all turtles lavaged 
represented healthy turtles.  Residuals were assessed to determine if any measurements 
were outliers.   An outlier would identify a turtle which was either to light or heavy for its 
given carapace length, indicating that the body condition of the turtle was not normal. 
Forage Selectivity 
Four linear regressions were conducted to determine if a relationship existed 
between the abundance of algal species found in the habitat to algal species ingested.  
These regressions included a regression of all algal divisions together and a separate 
regression for each algal division (Chlorophyta, Phaeophyta, and Rhodophyta).   
Feeding preference and avoidance was determined using Ivlev’s electivity index 
(Ivlev 1961).  Ivlev’s formula for calculating the index is: 
ri - pi 
   ri + pi   
Ei =  
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where E is the measure of electivity, ri the relative abundance of forage item i in the 
esophagus (as a percentage of the total esophagus contents), and pi the relative abundance 
of the same item in the habitat.  The index calculates a number between 1 and –1, where 
–1 = total avoidance, 0 = non-selective feeding, and 1 = exclusive feeding on the forage 
item.   
Forage Nutritional Composition and Nutrient Intake 
 Based on lavage and forage selection analyses, four algal samples were sent to 
Cornell University’s Nutritional and Environmental Analytical Services (NEAS) 
Laboratory. These four samples (100 g each) were 1) a composite of algae based on the 
proportion in which each genus or species was found in the diet, 2) Hypnea, a 
Rhodophtyic alga and the most common diet item, 3) a composite of Phaeophyta (all 
species were avoided by the turtles based on the proportion in which each genus was 
found in the habitat, and 4) Bryothamnion seaforthi, a species of Rhodophyta avoided by 
the turtle.  The NEAS laboratory analyzed each sample for crude protein, crude fat, 
neutral detergent fiber (NDF), acid detergent fiber (ADF), ash, lignin, calcium, 
phosphorus, magnesium, sodium, potassium, copper, iron, manganese, zinc, 
molybdenum, gross energy (GE), starch, fructose, glucose and sucrose.  NDF is a 
measure of the total structural carbohydrates, cellulose, lignin and hemicellulose; while 
ADF is a measure of the indigestible carbohydrates, cellulose and lignin.  All values were 
reported on a dry matter basis.  The non-fiber carbohydrate (NFC) value was calculated 
by subtracting the combined percent protein, fat, NDF and ash from 100.  This is an 
indirect method of calculating NFC and therefore contains a level of error.   
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The percent dry mass of the composite diet was needed to determine the intake of 
each nutrient per day on a dry matter basis.  The information available to calculate this 
value was the PPV of each algal species in the diet and the ratio of wet weight to dry 
weight for each taxa identified in the habitat.   The wet weight to dry weight ratio for 
each algal taxa was used to calculate the total wet weight of a 100g dry weight sample of 
the composite diet.  The percent dry matter of the composite diet was then determined by 
dividing 100g by the calculated wet weight.  This value was multiplied by the daily 
forage intake, a wet weight measurement, to obtain the gram amount of dry matter intake.  
Daily nutrient intake was then calculated based on the chemical composition of the 
dietary compounds.  
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Figure 1. Study Site And Transect Locations: Ambersand Reef, Indian River County, 
Florida. 
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RESULTS 
 During the summer of 2003, the bottom water temperature was measured and 
ranged from a low of 21.4°C to a high of 26.4°C.  The salinity of water at the bottom  of 
the water column varied from 35.8 to 36.6 ppt.  These data are reported in Appendix D.        
Algal Composition Of Habitat 
The mean frequency of occurrence for Rhodophyta, Phaeophyta and Chlorophyta 
was 53.7 %, 32.1 %, and 13.7 % respectively.  Twenty-six genera and eight species were 
identified from the algae collected in the habitat (n = 6 transects).  Table 1 gives the 
population percent volume (PPV) and frequency of occurrence (FO) for each alga.  
Hypnea, a genera within Rhodophyta, dominated the habitat (35.5% PPV).  
Bryothamnion seaforthi, a coarse species of Rhodophyta, was the second most commonly 
found alga in the habitat (22.6% PPV).   Rhodophyta had the greatest representation in 
the habitat with a PPV of 69.2%.  The PPV for Phaeophyta was 28.9%, while 
Chlorophyta only represented 1.9% of the available forage (Figure 1).   Hypnea not only 
had the highest PPV but also occurred in the habitat with the greatest frequency (17.2%).  
Most of genera within Phaeophyta had the next highest frequency of occurrence (FO) 
(Dictyota - 9. 0%, Dictyopteris - 8.5%, Padina - 7.5%, and Dictyosphaeria - 5.1%), 
which was higher than the frequency of other genera or within Rhodophyta and 
Chlorophyta.    The data used to calculate these values are shown in Appendix A.   
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Table 1.  Population Percent Volume (PPV) And Frequency Of Occurrence (FO) Of 
Algae In The Habitat (N = 6 Transects).   
Diet Item:     PPV %   FO %    
Chlorophyta      
Caulerpa prolifera   0.5   3.4    
Caulerpa racemosa   0.5   1.6 
Caulerpa mexicana   0.2   2.1    
 Enteromorpha spp   0.2   2.1 
Chaetomorpha spp   0.0   0.4  
Halimeda discoidea   0.1   0.8   
Ulva spp    0.4   3.3  
Total     1.9              13.7   
 
Phaeophyta 
Dictyopteris spp   2.0   8.5 
Dictyota spp    7.0   9.0 
Dictyosphaeria spp   3.1   5.1 
Padina spp    8.4   7.5 
Sargassum spp   3.9   0.7  
Botryocladia spp   4.6   1.4 
Total                28.9              32.1 
Rhodophyta 
Bryothamnion seaforthi           22.6   5.7 
Rhodymenia spp   0.0   1.0 
Hypnea spp              35.5            17.2 
Polysiphonia spp   4.2   4.8 
Gelidium spp    0.5   2.7 
Jania spp    2.4   5.7  
Chondria spp    0.4   3.4 
Laurencia poitou   0.3   1.2 
Soleria spp    1.7   4.9 
Dasya spp    0.0   0.3 
Gracilaria mammilaris  0.8   2.7 
Ceramium spp    0.1   0.4 
Acanthophora  spicifera  0.4   2.7 
Liagora spp    0.0   0.4 
Scinaia spp    0.2   0.4 
Total               69.2             53.7 
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Figure 2.  Population Percent Volumes Of Algal Divisions For Each Transect Conducted In The Habitat And A Total Of All Transects
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Diet Sampling And Composition 
Forty diet samples were collected from juvenile green turtles in the summer of 
2003. The mean standard carapace length (SCL) of these turtles was 39.5 cm, while the 
mean body mass was 9.6 kg (std = 6.0 kg, range = 2.4 – 27.2 kg).  The morphometric 
measurements for all turtles are shown in Appendix B.   Regression of body mass to 
straight-line carapace length showed that all but one lavaged juvenile green turtles was of 
good body condition (R2 = 0.9381).  One measurement appeared to be an outlier.  It was 
included within the samples because the turtle’s body mass was heavier than expected, 
likely a turtle eating a healthy diet.  These data are shown in Appendices B and C.   
Analysis of the diets showed Hypnea to be the most commonly ingested alga 
(52.6% PPV).   The second most commonly ingested alga was Chondria (8.4%).  Both of 
these algae are found within the division Rhodophyta.  Percent population volume (PPV) 
and frequency of occurrence (FO) for all matter identified in the diet are presented in 
Table 2.    When the diet items were categorized by division, Rhodophyta had the highest 
PPV (80.9%), while Chlorophyta and Phaeophyta constituted 3.6% and 0.6% respectively 
of the diet ingested (Figure 2).  Animal matter (sponge, hydroids, shrimp, eggs) and 
seagrass were also ingested, with a PPV totaling 1.3%.  Shell and sand represented 2.12% 
(PPV).  The most frequently occurring diet item was Hypnea (13.8%); shell/sand was the 
second most frequent item found in the diet samples (12.3%).  Rhodophyta was the most 
frequently occurring division (56.4%).  Chlorophyta occurred 15.0% of the time, while 
animal matter (5.9%) was more frequent than Phaeophyta (5.0%). 
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Table 2.  Population Percent Volume (PPV) And Frequency Of Occurrence (FO) Of Diet 
Items Consumed (N = 40).   
Diet Item:     PPV %   FO %    
Chlorophyta  
Caulerpa prolifera   0.8   4.1    
Caulerpa racemosa   2.4   2.7 
Caulerpa mexicana   0.1   1.4  
Enteromorpha spp.   0.1   2.3  
Chaetomorpha spp.   0.1   2.3 
Halimeda discoidea   0.0   0.5  
 Ulva spp.    0.7   1.5  
Total      4.0              15.0  
 
Phaeophyta 
Dictyopteris spp   0.0   1.4 
Dictyota spp    0.6   3.2 
Dictyosphaeria spp     -                - 
Padina spp      -     - 
Sargassum spp   0.0   0.5  
Botryocladia spp     -      - 
Bryopsis spp    0.0   0.5 
Total      0.7   5.0 
Rhodophyta 
Bryothamnion seaforthi  0.4   3.2 
Rhodymenia spp      -     - 
Hypnea spp               52.6              13.2 
Polysiphonia spp   4.0   9.5 
Gelidium spp    7.6   7.3 
Jania spp    0.4   4.1  
Chondria spp    8.4   3.6  
Laurencia poiteau   3.2   2.7 
Soleria spp    1.3   1.8   
Dasya spp       -      -  
Gracilaria mammilaris  2.4   5.5 
Ceramium spp    0.1   1.8 
Acanthophora spicifera  0.4   1.8  
Liagora spp       -      - 
Scinaiaspp        -      - 
Spyridia spp    0.0   1.8 
Total                 89.9              56.4 
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Diet Item:     PPV %   FO %    
Animal Matter 
Sponge    0.4   0.9 
Hydroids    0.7   1.8 
Shrimp    0.0   0.9 
 Eggs     0.1   2.3 
Total      1.3   5.9 
 
Seagrass 
 Grass     0.1   3.2 
 Wood Stem    0.0   0.5 
Total      0.1   3.6 
 
Other 
Shell/Sand    2.4             12.3 
Unidentified algae   1.5   1.8 
Total      3.9             14.1 
Overall Total     99.9   100 
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Figure 3.  Population Percent Volume Of Diet Items Consumed By 40 Juvenile Green Turtles (N = 40)
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Forage Selectivity 
Linear regressions were conducted to determine if a correlation existed between 
the PPV of algae in the habitat and the PPV of those algae identified in the diet samples.   
When all algal divisions were compared together, the resulting R2 value was 0.05.   The 
linear regressions and R2 values for each division, which ranged from 0.16 for 
Phaeophyta, 0.01 for Rhodophyta and 0.22 for Chlorophyta.  All regressions are shown in 
Figure 4.   Thus, there does not appear to be any correlation between the PPV of algae in 
the habitat to the PPV of algae in the diet.   
Therefore, Ivlev’s electivity index was used to determine foraging selectivity of 
the juvenile green turtles.   Genera and species within the division Rhodophyta had the 
highest electivity index ranks: Chondria = 0.91, Gelidium = 0.88, and Laurencia poiteau 
= 0.83. Table 3 lists the electivity indices of each alga consumed by the lavaged juvenile 
green turtles.  The electivity index of four of the six genera of Phaeophyta was –1.00, 
indicating they were completely avoided by the juvenile green turtles.  Dictyota and 
Dictyopteris, the other two genera identified in the Division Phaeophyta, had electivity 
indices of –0.84 and  -0.95 respectively.  Grouping the algae by divisions, Chlorophyta 
had the highest electivity index (0.36); Rhodophyta had an index of 0.13, and Phaeophyta 
was -0.96.      
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Figure 4.  Regressions Of Algae In Habitat On Algae From Lavage Samples
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Table 3.  Ivlev’s Electivity Index Of Juvenile Green Turtle Forage 
Electivity = ri - pi/ ri + pi , where ri is the relative abundance of prey item i in the 
esophagus and pi is the relative abundance of the same prey item in the habitat.   
Algae Species   Electivity Index 
Chlorophyta 
Caulerpa prolifera    0.69 
Chaetomorpha spp    0.53 
Caulerpa racemosa    0.29 
Enteremorpha spp   -0.22 
Caulerpa mexicana   -0.40 
Ulva spp    -0.67 
Halimeda discoidea   -0.84 
 
Phaeophyta 
Dictyota spp    -0.84 
Dictyopteris spp   -0.95 
Sargassum spp   -1.00 
Dictyosphareia spp    -1.00 
Padina spp    -1.00 
Botryocladia spp    -1.00 
 
Rhodophyta 
Chondria spp     0.91 
Gelidium spp     0.88 
Laurencia poiteau    0.84 
Gracilaria  mammilaris   0.55 
Hypnea spp     0.24 
Acanthophora spp    0.05 
Ceramium spp     0.04 
Polysiphonia spp               0.03 
Soleria spp               -0.06 
Jania  spp    -0.72 
Bryothamnion seaforthi  -0.96 
Rhodymenia spp   -1.00 
Dasya  spp    -1.00 
Liagora spp    -1.00 
Scincia spp    -1.00 
 
Algal Division electivity indices*  
Chlorophyta      0.36 
Phaeophyta     -0.96 
Rhodophyta      0.13 
 
*PPV of each Division as a portion of the total. Example: Chlorophyta: Diet PPV = 4.02, 
Habitat PPV = 1.86; Electivity = (4.02-1.86)/(4.02+1.86) = 0.36 
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Forage Nutritional Composition 
Four algal samples were sent to Cornell University’s NEAS laboratory: 1) a 
composite of algae based on the proportion of each taxa as found in the diet; 2) the most 
common diet item, Hypnea, a Rhodphytic alga; 3) a composite of Phaeophyta based on 
the proportion of each genus as found in the habitat (all taxa within Phaeophyta were 
avoided), and 4) an avoided coarse species of Rhodophyta, Bryothamnion seaforthi. The 
amount of protein in the composite of diet items was 15.9%, while the GE content was 
2865 kcal/kg. On a dry matter basis, the Hypnea sample had the highest crude protein 
content  (18.1%), and GE (3186 kcal/kg) of the four samples. Phaeophyta had the lowest 
crude protein content (9.5%), and lowest GE (2026 kcal/kg).  The lowest ADF was 
reported for the Hypnea samples (15.4%), and Phaeophyta had the highest (39.8%).  
There was a similar relationship involving non-fiber carbohydrates (NFC). The two 
avoided groups, Phaeophyta and B.seaforthi, had the highest NFC values (39.04% and 
39.24% respectively) but also had the lowest ash values, which increase the NFC.   
Phaeophyta had the highest fat content (1.06%) while fat contents of Hypnea and the 
composite of diet items were lower (0.16% and 0.17%, respectively).  The lignin content 
was similar across all four samples analyzed (7.2 – 12.1%).  The B. seaforthi sample had 
the lowest amount and the composite diet sample had the highest percent of lignin.  The 
iron content was high for all samples ranging from 1627-20071 ppm; it was lowest for 
the composite diet, and highest for the B. seaforthi sample.  Detailed nutritional analysis 
of the four samples is given in Table 4.      
The ash content for the lavage and Hypnea samples appears high but falls within 
ranges observed in the literature (Do 1997, Kiss et al. 2003, Lora-Vilchis et al. 2004).  
 20
Ash content can affect the percent of organic nutrients in a sample (protein, fat, ADF, 
NDF, lignin and starch).  These nutrients were therefore, recalculated on an ash 
free/organic matter basis.  These values are shown in Table 5.  On an organic matter 
basis, the percent of protein in the samples of Phaeophyta and B. seaforthi changed little 
(9.5% to 10.9% and 13.3% to 14.9%, respectively); the percent of protein in the lavage 
sample increased from 15.9% to 27.2% and in the Hypnea sample, the change was from 
18.1% to 28.6%.  Consequently the difference between the protein content of the selected 
diet and that of avoided prey items increased.   On an organic matter basis, the values for 
NDF for all four samples were more comparable than on the dry matter basis, although 
the NDF value for the composite diet was the highest (55.1 %).  For non-soluble fiber 
(ADF), the values varied, but the value for the avoided Phaeophyta (45.8 %) was the 
highest of the four samples. 
 
 
 21
Table 4.  Nutritional Composition Of Algal Samples Analyzed (Dry Matter Basis) 
Nutrient            Lavage            Hypnea         Phaeophyta     B. seaforthi  
Analytic Dry Matter %           90.9  91.7      92.2               94.2 
Crude Protein %           15.9  18.1      9.5               13.3 
Crude Fat %   0.17  0.16      1.06               0.46 
NDF* %             32.2  28.8      45.1                          42.2 
    ADF** %             23.0  15.4      39.8               27.0 
       Lignin %           12.1  11.3      11.1    7.2 
Ash %              32.5  28.4      5.3    4.8 
    Calcium %    3.39  4.22      4.87               10.04 
    Phosphorus %  0.10  0.11      0.12    0.12 
    Magnesium %  0.87  0.85      1.31    1.00 
    Sodium %     2.49  15.84      5.28    0.93 
    Potassium %    1.38  0.42      2.09    0.46 
    Copper ppm            16             22      18                  12 
    Iron ppm         1627             1978                 2045              2071 
    Manganese ppm          48  47                 107               101 
    Molybdenum ppm       <3             <3                 122               16 
GE kcal/kg                     2865             3186                 2026              2096 
NFC*** %             19.23  24.54      39.04    39.24 
    Starch %     3.25  5.37      0.74    5.56 
 
* NDF = Hemicellulose, Cellulose, and Lignin 
** ADF = Cellulose and Lignin 
*** NFC = 100 – Crude Protein% - Crude Fat% - NDF% - Ash% 
**** No sugars were detected (sucrose, fructose and glucose) 
 
 
 
Table 5.  Nutritional Composition Of Algal Samples Analyzed (Organic Matter Basis) 
Nutrient            Lavage            Hypnea         Phaeophyta     B. seaforthi  
Organic Matter %                  58.4  63.3    85.9             89.4 
Crude Protein %            27.2  28.6    10.9             14.9 
Crude Fat %   0.3  0.3    1.2             0.5 
NDF* %             55.1  45.5    51.9                        47.2 
    ADF** %             39.4  24.3    45.8             30.2 
        Lignin %         20.7  17.9    12.8             8.1 
Starch %     5.6  8.8    0.9             6.2 
 
* NDF = Hemicellulose, Cellulose, and Lignin 
** ADF = Cellulose and Lignin  
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Nutrient Intake 
 
Daily intake was calculated from published data.  The juvenile green turtles ate 
1.5% and 2.5% of body weight on a daily basis (Bjorndal 1980, Brand et al. 1999, 
Fourqueran & Schrlau 2003).  These data are presented in Appendix F.  The mean body 
weight (9.6 kg) of the lavaged juvenile green turtles in this study was used as the body 
mass for the calculation of forage intake. The percent dry weight of the composite diet 
was 29.5% (calculations in Appendix E).  Therefore, the dry weight intake would be 42.4 
g/day using 1.5% body weight and 70.6 g/day using 2.5% body weight.  The amount of 
each nutrient ingested by an average juvenile green turtle was then calculated using the 
nutritional analysis of the diet sample.   These values are shown in Table 5.  These 
calculations show that protein intake would be between 6.74 and 11.23 g/day.  Fat intake 
would be low at 0.07 – 0.12 g/day.    The GE of this diet at a level of intake from 1.5 -
2.5% of body weight would range from 121-202 kcal/kg/day.   
Standard metabolic rate (SMR) refers to an animal’s resting and fasting 
metabolism at a given body temperature (Kleiber 1975).  This equation has been 
determined experimentally for various reptile species.  For a prototypic turtle whose body 
temperature is 30°C, the equation is: 
SMR = 32(W0.86) 
(Donoghue & Langenberg 1996).  Using this equation the basic energy requirements for 
an average juvenile green turtle captured in this study (9.58 kg) would be 233 kcal/day.   
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Table 6.  Nutrient Intake Of Diet Based On 1.5% And 2.5% Of Body Weight  
Nutrient                 1.5 % Body Weight         2.5% Body Weight  
                  As Fed = 143.7 g/day  As Fed = 239.5 g/day 
                    Dry Matter  = 42.4 g/day        Dry Matter = 70.6 g/day 
 
Crude Protein g  6.74                11.23 
Crude Fat g   0.07      0.12 
NDF* g              13.65                          22.74 
    ADF** g   9.75                16.24    
       Lignin g   5.13      8.55   
Ash g               13.78                          22.95 
Calcium g   1.44                  2.39 
Phosphorus g   0.04      0.07 
Magnesium g   0.37      0.61    
Sodium g   1.06      1.76   
Potassium g   0.59      0.97 
Copper ppm          0.68                       1.13 
Iron ppm                            68.97                              114.91 
Manganese ppm                 2.03                        3.39   
Zinc ppm                           0.64             1.06 
Molybdenum ppm                  0.13                           0.21 
Gross Energy kcal/kg         121                      202 
NFC***g              8.15     13.58 
Starch g   1.38                           2.30 
 
* NDF = Hemicellulose, Cellulose, and Lignin 
** ADF = Cellulose and Lignin 
*** NFC was calculated from the initial nutritional analysis (100 – Crude Protein% - 
       Crude Fat% - NDF% - Ash%).  The percent was then multiplied by the dry matter. 
**** No sugars were detected (sucrose, fructose and glucose) 
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DISCUSSION 
Forage Selectivity 
For an organism to exhibit selective feeding, a variety and abundance of potential 
food items must be available in sufficient abundance to allow the animal a range of 
choice (Leon & Bjorndal 2002, Manly et al. 2002). Evidence used to support the claim 
that a variety and abundance of food items exists in an environment includes the 
following conditions: potential prey species are relatively common; a small number of 
prey species are consumed in comparison to those available and animal movement is 
limited, indicating that intake requirements can be fulfilled in a relatively small area 
(Leon & Bjorndal 2002).  In this study, the frequency of occurrence of a variety of algal 
species in the habitat indicated that many potential forage items are available.  The small 
percentage of algal taxa consumed in comparison to the amount available, suggests high 
forage abundance.  Of the thirty taxa of algae identified in the habitat, only eleven were 
found in the lavage samples.   Juvenile green turtles along the east coast of Florida 
maintain a degree of site philopatry and have a home range length of 1- 2 km, indicating 
that turtles in this region do not have to travel far to obtain necessary nutrients (J. 
Gorham, personal communication).  Thus, the claim that there is a variety and abundance 
of food resources in the habitat where the juvenile green turtles were captured is 
supported.   
Juvenile green turtles selectively foraged on Chlorophyta and Rhodophyta.  This 
is consistent with the foraging behavior of other marine species, including mollusks, 
marine iguanas and fish that forage upon algae, and is consistent with the behavior of 
other populations of green turtles foraging on algae (Mortimer 1981, Mendonca 1983, 
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Garnett et al. 1985, Balazs et al. 1987, Indergaard & Minsaas 1991, Wershoven & 
Wershoven 1992, Wikelski et al. 1993, Redfoot 1997, Foster & Hodgson 1998, Brand-
Gardner et al. 1999).  Evidence suggests Rhodophyta is generally selected for, even 
though Ivlev’s index for Chlorophyta was larger than Rhodophyta.  The highest 
individual Ivlev indices were found in Rhodophyta and more genera were selectively 
ingested from Rhodophyta than from Chlorophyta.  Furthermore, more genera of 
Rhodophyta were found in the habitat and several were totally avoided, potentially 
causing the overall index for Rhodophyta to be artificially lowered.  
Juvenile green turtle diet studies conducted along this same system of Florida 
Sabellariid worm rock reef, determined that the most common prey items were species of 
Rhodophyta, in the family Gelidiaceae, those of the genera Gracilaria, and Laurencia 
poiteau (Wershoven & Wershoven 1992, Holloway-Adkins 2001).  These same algae 
were selected food items in this study.  Ivlev’s electivity index indicated that Chondria 
spp, Gelidium spp, Laurencia poiteau, and Gracilaria mammilaris of the division 
Rhodophyta, were most highly selected for, along with Caulerpa prolifera, 
Chaetomorpha spp. and Caulerpa racemosa, of the division Chlorophyta.  While some 
species of algae within Rhodophyta and Chlorophyta were avoided, all species within the 
division Phaeophyta were avoided.   
Prey abundance is also a factor affecting diet composition, as the most common 
diet item, Hypnea spp, was the most common alga species in the habitat.  The results of 
this study indicate that the diet of juvenile green turtles along the central Florida coast is 
determined by a combination of selective feeding and abundance of prey species in the 
environment.    
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Nutritional Evaluation Of Prey Items 
Gross energy (GE), total nitrogen, and fiber (NDF and ADF) are three main 
chemical constituents that influence a herbivore’s choice of diet and amount of intake 
(Klumpp et al. 1989).   Rhodophyta species are known to contain substantial amounts of 
protein (10-47%) (Fleurence 1999). They also have significantly higher amounts of 
protein than species of Chlorophyta (Wong & Cheung 2001).    The main diet item of the 
juvenile green turtles, Hypnea (a species of Rhodophyta), had a higher GE content, was 
higher in protein, and was lower in fiber than avoided forage (Tables 4 and 5).  These 
data suggest that the turtles were selecting for prey that were of the highest nutritional 
value or against high fiber diets. 
Plants can posses several traits to reduce their nutritive quality to avoid herbivory.  
This includes using secondary compounds, morphological characters and contianing a 
lowered nutrient content (Augner 1995).   A lowered nutrient content can reduce 
herbivory load (Feeny 1976, Haukioja et al. 1991).  If such a trait decreases the amount 
of resource lost through herbivory, then they act as antiherbivore defences (Lundberg & 
Astrom 1990, Augner 1995).   
The juvenile green turtles avoided all taxa of Phaoephyta.  Of the four samples 
analyzed, the Phaeophyta were comparatively lower in protein and GE content and higher 
in non-soluble fiber (ADF) than Hypnea or the composite diet.  Even when ingested, 
green turtles do not digest Phaeophyta well, as determined by fecal analysis (Seminoff et 
al. 2000).   Although the phenolic content of the algae identified in this study was not 
measured, the literature indicates that species of Phaeophyta contain high amounts of 
phenolic compounds especially in comparison to species of Rhodophyta and Chlorophyta 
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(Ragan & Glombitza 1986, Fleurence 1999, Wong & Cheung 2001).  Penolic compounds 
can bind to protein molecules, affecting protein digestibility.  The juvenile green turtles 
avoided Bryothamnion seaforthi, a tough, coarse species of Rhodophyta.  The nutrient 
analysis of this species was similar to that of the composite sample of Phaeophyta, as it 
had the second lowest percent of protein and GE content of the four samples analyzed 
and the second highest fiber content.  These results indicate that anti-herbivory defenses, 
such as low nutrient content, play a role in juvenile green turtle diet selection.   
Diet Nutritional Content 
There is a shortage of research regarding marine turtle nutrition, including studies 
on daily intake amounts, basic metabolic rates, nutritional requirements, and digestibility 
coefficients for a variety of forage.  There is also limited research on reptile nutrition in 
general.    Therefore, comparisons of nutrient intake values among juvenile green turtles 
captured in this study, other populations of green turtles, and other reptiles could not be 
made.  However, the nutritional data from this study can aid in understanding the daily 
requirements of juvenile green turtles. 
The nutritional content of the diet selected by the juvenile green turtles in this 
study can be compared to juvenile/sub-adult turtles, which forage almost exclusively on 
young blades of Thalassia testudinum, a seagrass (Bjorndal 1980).  This seagrass 
contains a mean of 22.5% protein (dry matter), which is higher than the protein content of 
the composite algae diet (15.9%) analyzed in this study.  Thalassia testudinum had higher 
values for NDF (58.9%) and ADF (49.9%) compared to the diet of the turtles examined 
in this study (32.2% and 23.0% dry matter, respectively).  Yet, the algal diet as analyzed 
in this study is higher in lignin (12.1%) than T. testudinum (4.6%) (Bjorndal 1980).    It 
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would appear that turtles eating either algae or T. testudinum avoided forage high in ADF 
(indigestible fiber) in favor of greater digestible components, including higher protein.  
Protein requirements for herbivorous reptiles have been reported to range from 
14% to 35% dry matter, with the higher end of the range suited for animals under stress 
or for juvenile/sub-adult animals which are growing (Donoghue & Langenberg 1996).  
These ranges have not been assessed for marine turtles and if they are applicable to 
juvenile green turtles, then both the diets composed of algae or T. testudinum are low in 
required protein.  Fiber has a strong influence on protein digestibility, mineral absorption 
and on levels of volatile fatty acids (Maynard & Loosli 1969, Bjorndal et al. 1991, 
Donoghue & Langenberg 1996).  Therefore, determining the greater nutritional value 
between a composite algal diet and a diet of T .testudinum is difficult, as levels of the 
three types of fiber measured (ADF, NDF, and Lignin) varied between diets. 
In this study, a general intake amount had to be assumed at 1.5 and 2.5% of body 
weight based on calculations from published data (Bjorndal 1980, Brand et al. 1999, 
Fourqueran & Schrlau 2003).   With an intake of 2.5% of body weight, assuming the 
SMR for a prototypic turtle is similar to that of green turtles, the juvenile green turtles in 
this study would not meet standard daily metabolic energy requirements (202 kcal/kg/day 
for turtles in this study vs. 233 kcal/day calculated using the SMR of a prototypic turtle) 
necessary for basic metabolic activity.  Energy requirements increase as digestion, 
movement and growth are taken into account.   This suggests that the juvenile green 
turtles captured in this study are eating more than 2.5% of their body weight each day.   
Management of this endangered species must incorporate knowledge of the diet 
of each local population, as the foraging ecology of green turtles varies between habitats 
 29
and life-stages (Ehrenfeld 1982, Bjorndal 1999).  Species conservation requires effective 
habitat management.  For juvenile green turtles, this study indicates that habitats 
dominated by Rhodophyta and Chlorophyta may be more important for the health of 
green turtle populations than habitats composed of Phaeophyta.  To fully understand the 
foraging ecology of juvenile green turtles, future research should focus on forage intake, 
digestibility coefficients, basal metabolic rates, energetic budgets, and an estimation of 
daily nutritional requirements.   
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APPENDIX A: MEAN PERCENT DRY WEIGHT OF ALGA SAMPLED IN THE 
HABITAT 
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Appendix A.  Mean Percent Dry Weight Of Algal Samples in the Habitat 
Species          % Dry Weight             Number Quadrats with a Sample 
Chlorophyta 
Caulerpa prolifera  71.49   31 
Caulerpa racemosa  13.87   12 
Caulerpa mexicana  72.74   15 
Enteremorpha spp  96.42   15 
Chaetomorpha spp  73.08   3 
Halimeda discoidea  32.00   6 
Ulva spp   56.08   24 
 
Phaeophyta 
Dictyopteris spp  26.32   62  
Dictyota spp   17.50   66 
Dictyosphareia spp  20.25   37 
Padina spp   17.75   55 
Sargassum spp  13.77   5 
Botryocladia spp  28.21   10 
     
Rhodophyta 
Bryothamnion seaforthi 39.89   42 
Rhodymenia spp  59.87   7 
Hypnea spp   20.94           127 
Polysiphonia spp  68.94   36 
Gelidium spp   56.76   20 
Jania spp   66.93   42 
Chondria spp   19.22   25 
Laurencia poiteau  19.50   9 
Soleria spp   10.17   36 
Dasya spp   95.00   2 
Gracilaria mammilaris 33.35   20 
Ceramium spp   40.05   4 
Acanthophora spicifera 20.07   20 
Liagora spp   57.50   3 
Scincia spp   80.50   3 
 
Animal Matter 
Sponge   33.33   1 
Hydroids   58.33   3 
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APPENDIX B. MORPHOMETRIC MEASUREMENTS OF JUVENILE GREEN 
TURTLES CAPTURED AND LAVAGED 
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Appendix B. Morphometric Measurements of Juvenile Green Turtles Captured and 
Lavaged 
 
Date 
captured Pit tag  
 
Flipper tag SCL Body mass Residuals 
6/2/2003 503264674A  W3720 W3721 27.0   2.7 1.43811 
6/2/2003 5032601358  W3722 W3723 31.0   4.2 1.18395 
6/2/2003 50325F7D19  W3826 W3827 56.0 27.2 1.06337 
6/2/2003 5032664E4B  W3730 W3731 30.1   3.3 .60296 
6/2/2003 5033163059  W3734 W3735 40.4   8.3 .52026 
6/2/2003 502D466A26  W3746 W3747 50.0 18.1 .52848 
6/2/2003 5032647F72  W3748 W3749 51.3 19.6 .29732 
6/2/2003 502D3D552E  W3828 W3829 53.2 21.1 .43361 
6/2/2003 50066C3E76  W3742 W3743 39.5   8.3 .45246 
6/2/2003 502F6B4656  W0754 W3750 51.9 18.2 .59933 
6/3/2003 502D486765  W3831 W3832 29.9   3.5 .26487 
6/3/2003 5033082B26  W3835 W3836 36.7   6.8 -.02331 
6/3/2003 5033162E4F  W3833 W3834 46.4 14.5 -.70093 
6/3/2003 502D3F2911  W3830 52.6 20.2 -.47671 
7/2/2003 430A24187F  W3330 W3346 42.8   9.7 -.91818 
7/3/2003 430519773F  W3934 W3935 28.2   3.1 -.51585 
7/3/2003 4301780008  W3927 29.4   3.3 -.20535 
7/3/2003 430525637B  W3932 W3933 46.2 13.2 -.09799 
7/3/2003 43054B4D5A  W3930 W3931 37.7   8.2 -.40986 
7/3/2003 4305313C57  W3937 W3938 39.2   8.8 .04982 
7/3/2003 430236574C  W3874 W3875 46.1 13.2 -.88693 
7/10/2003 502D4D5B5C  W4710 W4711 45.7 12.4 -1.33177 
7/10/2003 5032537F76   W4712 W4713 29.5   3.2 -1.06422 
7/16/2003 50325F0062  W4720 W4721 31.1   4.3 -.57129 
7/16/2003 50327F6318  W4718 W4719 39.2   9.5 -1.05866 
7/17/2003 43052B3340  W4739 W4740 34.5   5.0 -1.56297 
7/17/2003 4302094642  W4728 W4729 40.7   8.9 -.46879 
7/17/2003 43051F0564  W4741 W4742 43.3 11.6 -1.23522 
7/17/2003 43052E635F  W4743 W4744 47.9 15.0 -1.09462 
7/17/2003 4304377C21  W4722 W4723 44.8 11.6 -.74416 
7/18/2003 430165086D  W4778 W4779 37.3   7.7 -.79291 
7/18/2003 430515737E  W4793 W4794 42.5 10.2 -.02108 
7/18/2003 430266292D  W4784 W4785 42.4 10.8 -.43760 
7/21/2003 5032570116  W4754 W4755 31.7   4.9 .66730 
7/21/2003 50322B5A01  W4797 W4798 36.0   5.7 1.06747 
7/29/2003 5032561819  W4771 W4772 34.4   5.9 -.18408 
7/29/2003 430511113C  W4765 W4766 31.7   4.4 .84144 
7/31/2003 43044B5F74  W4902 27.0   2.4 1.17884 
8/19/2003 4302041E4C  W4996 W4997 34.8   5.5 5.38813 
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APPENDIX C.  ASSESSMENT OF JUVENILE GREEN TURTLE BODY 
CONDITION 
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Appendix C.  Assessment of Juvenile Green Turtle Body Condition: Regression of Straight Line Carapace Length (SCL) by Body 
Mass  herbivorous 
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APPENDIX D. ENVIRONMENTAL VARIABLES MEASURED THROUGHOUT 
THE SUMMER MONTHS (MAY – AUGUST) 2003 
 
Appendix D. Environmental Variables Measured Throughout The Summer Months (June 
– July) 2003 
 
Date Bottom Water Temperature (°C) Bottom Salinity (ppt) 
6/3/03 26.4  36.7 
7/2/03 21.4 36.5 
7/3/03 20.8 35.8 
7/10/03 22.1  36.5 
7/16/03 21.7 36.3 
7/17/03 21.6  36.6 
7/18/03 25.2 36.4 
7/21/03 21.4 36.6 
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APPENDIX E.  CALCULATION OF PERCENT DRY WEIGHT OF COMPOSITE 
DIET 
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Appendix E.  Calculation of Percent Dry Weight of Composite Diet 
 
Algal Species Percent Dry  
Weight 
% in a Dry Diet 
Sample of 100 g  
Calculated 
Wet Weight 
Acanthophora 33.35%   0.47 g     1.41 g 
Bryothamnion 
seaforthi 
39.89%   0.43 g     1.08 g 
Caulerpa mexicana 72.74%   0.08 g     0.10 g 
Caulerpa prolifera 71.49%   0.89 g     1.24 g 
Caulerpa racemosa 13.87%   2.71 g   19.54 g 
Ceramium 96.42%   0.06 g     0.06 g 
Chaetmorpha 20.07%   0.14 g     0.70 g 
Chondria 56.75%   9.36 g   16.49 g 
Dictyopteris 26.32%   0.05 g     0.19 g 
Dictyota 17.50%   0.63 g     3.60 g 
Enteremorpha 19.50%   0.12 g     0.62 g 
Gelidium 20.94%   8.48 g   40.50 g 
Gracillaria 
mammilaris 
40.05%   2.71 g     6.77 g 
Halimeda discoidea 80.50%   0.01 g     0.01 g 
Hypnea 28.21% 58.46 g 207.21 g 
Jania 68.94%   0.40 g     0.58 g 
Laurencia 66.93%   3.57 g     5.33 g 
Polysiphonia 59.87%   4.49 g     7.50 g 
Sargassum 20.25%   0.01 g     0.04 g 
Soleria 19.22%   1.48 g     7.70 g 
Ulva 58.33%   0.07 g     0.12 g 
  94.61 g * 320.78 g 
* Total does not equal 100g due to non-algal matter found in diet samples. 
Percent dry weight of composite diet = (94.61 g / 320.78 g )100 = 29.49% 
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APPENDIX F.  CALCULATIONS OF DAILY INTAKE BASED ON PUBLISHED 
DATA 
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Appendix F.  Calculations of Daily Intake Based on Published Data  
Author Daily As 
Fed Intake 
(kg) 
Body 
Weight  
(kg) 
Body 
Weight 
Intake (%) 
Notes 
Brand et 
al. 1999 
0.202  20.2 1.1 Carapace curved length reported as 
52.7; Ehrhart data 52.7 cm =  mean 
of 17.5 kg (N = 7 turtles) 
 0.437  20.6 1.8 Carapace curved length reported as 
55.7; Ehrhart data 55.7 cm = mean 
of 23.2 kg (N = 9 turtles) 
 0.270 18.1 1.5 Carapace curved length reported as 
50.3; Ehrhart data 50.3 cm = mean 
of 17.52 kg (N = 5 turtles)  
  MEAN 1.5  
Bjorndal 
1980 
0.203 
(reported  
dry weight 
0.024) 
 8.0 2.5 Fourquerean and Schrlau 2003 report 
Thalassia testudinum % dry weight 
as 11.8 %.   
 0.695 
(reported  
dry weight 
0.082)  
30.0 2.3  
 0.992 
(reported  
dry weight 
0.177) 
48.0 2.1  
 1.847 
(reported  
dry weight 
0.218) 
 66.0 2.8  
  MEAN 2.4  
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